Immunoglobulin levels were studied in the genital secretions of seven heifers which had been bred to a bull infected with Mycoplasma agalactiae var. bovis and three heifers bred to a noninfected bull. The median immunoglobulin G (IgG)/IgA ratio for vaginal secretions was 0.7, for cervical secretions 21.9, and for uterine secretions 13.0. Immunity in the female reproductive tract is of current interest, since protection against venereal diseases is important in both domestic animals and man. Several facts suggested to us that immune mechanisms at the various levels of the female reproductive tract may differ from one another. For instance, the vagina in a sexually active female is usually colonized by a normal flora, whereas the uterus is relatively sterile. In bovine venereal vibriosis the infection is cleared from the oviducts and uterus first, then the cervix, and last the vagina (20). In women the gonococcus persists in the cervix when the deeper tract is not infected (14) . Previous studies with bovine venereal vibriosis have demonstrated differences in the immunoglobulin class of specific antibodies in vaginal and uterine secretions (4). These immunoglobulin class differences are associated with functional differences (3) which have important implications in protection. Therefore, we decided to study the immunoglobulin class levels in secretions from various areas of the bovine reproductive tract in order to investigate differences in immune mechanisms in the vagina, cervix, and uterus. Genital mycoplasmosis was chosen for study, since mycoplasmal infections of the female reproductive tract have been associated with infertility in cattle (9) and reproductive failure in women (11). 
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MATERIALS AND METHODS
Animal treatments. Two-year-old Holstein heifers were housed together in a paddock. After estrus cycles were observed to be normal and midcycle vaginal mucus was shown to be culturally negative for mycoplasma, the animals were bred by artificial insemination in late estrus with 1 ml of fresh semen. Semen from a control bull (no. 33) was used for three heifers and semen from a bull (no. 960) infected with Mycoplasma agalactiae var. bovis was used for the remaining seven heifers. Colony counts showed that this semen contained 106 to 2 x 106 colony-forming units/ml.
Vaginal mucus was collected and cultured before infection and at 3, 7, and 14 days postinfection. At 24 to 29 days postinfection the heifers were slaughtered and bled out, and the reproductive tracts were returned to the laboratory in ice as described by Wilkie and Winter (23) .
Laboratory procedures. On arrival at the laboratory, the tracts were examined grossly for the presence of an embryo and for gross pathological lesions. The vagina, cervix, and uterus were swabbed for mycoplasmal cultures (1) . Oviducts were flushed with 2 ml of saline for culture and immunological procedures. Isolates were identified as M. agalactiae var. bovis by indirect immunofluorescence (17) . After the tissues had been cultured, pieces from each area of the reproductive tract were fixed in Bouin solution and prepared for histopathological examinations by routine procedures. For immunological studies, mucus was aspirated from the vagina and cervix separately, and each aspirate was expelled into 5 ml of saline. Glass beads were added to each tube, and the suspensions were vortexed and extracted overnight at 4 C. Then the mixture was vortexed again and centrifuged at 48,000 x g for 30 min at 4 C. The supernatant was frozen at -70 C until all samples could be tested at once. Uterine fluids were obtained by tying off the left uterine horn, injecting 5 volume of 5 ml. On this basis it appears that the amounts of IgG and albumin in the vaginal mucus were similar to those in the cervical mucus, but that there was generally less of each in the uterine mucus (probably because there is a smaller amount of secretion on the uterine surface than on the cervical or vaginal surface). The striking difference is the large amount of IgA present in some of the vaginal mucus samples in comparison with cervical and uterine samples. Also, IgA levels are higher in cervical and vaginal samples from infected animals than in samples from control animals ( Table 3 ). Since levels of protein and fluid in the reproductive secretions change with the stage of estrus (13) and nervous state of the animal, it was decided that immunoglobulin ratios would be a better reflection of changes in secretion of IgG1, IgG2, and IgA than would absolute values. The data given in Table 4 show that IgGj/IgG2 ra- (Table 3) . When IgG/IgA ratios of secretions from a given region of the reproductive tract from infected animals were compared with ratios of secretions from the same region in controls (Table 5), there was a significant difference in vaginal ratios (P < 0.05) and in cervical ratios (P < 0.05) but no evident difference between control and infected animals in uterine secretion ratios.
Rank correlation coefficients comparing IgA and albumin showed a significant correlation in uterine mucus only, but when IgG and albumin were compared the correlation coefficients were significant in vaginal, cervical, and uterine mucus (Table 6 ).
DISCUSSION
IgA is known to be the predominant immunoglobulin class in many external secretions in man (18) and other species, including cattle (5). In bovine vaginal secretions the IgG/IgA ratio has been reported to be approximately 1 (5) as was found in this study (Tables 4 and 5 ). Human cervicovaginal secretions also have an IgG/IgA ratio close to 1 (8, 21) . When human cervical mucus has been aspirated separately from vaginal mucus, however, average IgG/IgA ratios of 2 were reported by Chipperfield and Evans (2) , whereas Hulka and Omran (12) reported a range of ratios from 0.8 to 24. The bovine cervical mucus median IgG/IgA ratio recorded in Table 4 The source of the various classes of immunoglobulins can be inferred from the correlation coefficients presented in Table 6 . The positive correlation between IgG and albumin in all three types of secretions indicates that IgG was derived from serum along with albumin. Since animals were bled out before sampling, postmortem serum leakage was minimal. The low degree of correlation between IgA and albumin in vaginal and cervical secretions, on the other hand, suggests local synthesis of IgA. Levels of IgA in the uterine secretions were too low to justify any conclusions in this regard.
The response to infection with M. agalactiae var. bovis can be investigated by comparing the results from heifers bred to the infected bull with results from the controls. The high IgA levels (Table 3 ) and low IgG/IgA ratios (Table  5) in vaginal and cervical secretions of infected animals as compared with controls suggests an IgA response to infection in those areas. Agglutinin titers did occur in some of these secretions in this study but were too low to interpret readily. An IgA response to M. agalactiae infection in the vagina, however, is consistent with earlier reports which show other specific antibody responses in the vagina to be of the IgA class in both heifers (4) and women (15) .
The bovine cervix has been shown to be capable of local antibody production (16) , but the immunoglobulin class of the antibodies was not determined. In the present study the main immunoglobulin in the cervical secretions was IgG, whether locally produced or derived from serum by transudation. In response to various infections, however, Chipperfield and Evans found an increase in both IgA and IgG in human cervical mucus, whereas in our study the bovine response to M. agalactiae infection in cervical secretions appeared as an increase in IgA levels only (Table 3 ). Perhaps our results differ because cattle respond differently, or perhaps the response to this mycoplasmal infection was measured at a stage too early to detect increases in IgG, since it has been demonstrated in bovine vibriosis that the vaginal IgA antibody response precedes the IgG response (4). The low mycoplasmal agglutinin titers (Table 1) in vaginal and cervical secretions are in keeping with an early immune response as titers in bovine secretions from advanced male genital mycoplasmal infections can be very high (L. B. Corbeil, unpublished observations).
The predominant immunoglobulin class in the inner reproductive tract in this study was IgG (Tables 3 and 4 ). This could have been due to a lack of stimulation of the secretory IgA system, since the inner tract was culturally negative and histologically normal (Table 1) . However, it has been shown that antigenic stimulation of the uterus in women (15) 
